This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS P&8E BLANK lusno) 




Europaisches Patentamt 

European Patent Office © Publication number: 0 226 458 

Offic europeen des brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 86309660.8 © Int. CI. 4 : C *22 F 1/10 

© Dateoffiling: 11.12.86 F 28 C 1/00 



© Priority: 11.12.85 US 807532 



(«) Date of publication of application: 
24.06.87 Bulletin 87/26 

® Designated Contracting States: 
AT DE FR GB fT SE 



© Applicant: Inco Alloys International, Inc. 

Huntington West Virginia 25720(US) 

@ Inventor: Smith, Gaylord Darrel! 
120, Stamford Park Drive 
Huntington West Virginia 25705(US} 

© Representative: Hedley, Nicholas James Matthew et at, 
T.Z. Gold & Company 9 Staple Inn 
London WC1V7QH(GB) 



© Method of manufacture of a heat resistant alloy useful in heat recuperator applications. 
(st) A method of manufacturing nickel-iron-chromium alloys 
for use with recuperators. A combination of intermediate an- 
nealing, cold working and final annealing results in an alloy 
having a greater yield strength than a corresponding solution 
annealed material. The resultant alloy exhibits an isotropic 
structure and has high corrosion resistance, a low coefficient 
of expansion and high levels of ductility and strength. 
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METHOD OF MANUFACTURE OF A HEAT RESISTANT ALLOY 
USEFUL IN HEAT RECUPERATOR APPLICATIONS 

TECHNICAL FIELD 

This Invention relates to a method of manufacture of 
5 nickel-iron-chromium alloys to enhance their performance in heat 

recuperator applications. Specifically, this invention describes a 
method for imparting additional strength which is critical to the 
successful use of these alloys in heat recuperators. The method is a 
combination of cold work and controlled annealing which results in 
10 the retention of part of the cold work while maintaining isotropic 
properties and high ductility. 



BACKGROUND ART 

Waste heat recovery devices improve the thermal efficiency of 
power generators and industrial heating furnaces. Substantial gains 
15 in the efficiency of energy usage can be realized if the energy in 
exhaust gases of such equipment can be used to preheat combustion 
air, preheat process feedstock or generate 6team. One 
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such device to utilize waste heat is the recuperator. A recuperator 
is a direct transfer type of heat exchanger where two fluids, either 
gaseous or liquid, are separated by a barrie r through which heat 
flows. The fluids flov simultaneously and rewdili unmixed. There oro 
5 no moving parts in the recuperator. Metals, because of their high 
heat conductivity, are a preferred material of construction^provided 
that the waste heat temperature does not exceed 1600°F (871 °C). 

For a recuperator to provide long service life, conservative 
designs are required which adequately allow for the principal failure 
10 mechanisms. The principal failure mechanisms of metallic recuperators 
include: 

a) excessive stresses due to differential thermal 
expansion resulting from temperature gradients, 
thermal cycling and variable heat flow; 
15 b) thermal and low cycle fatigue; 

c) creep; and 

d) high temperature gaseous corrosion. 

Many" early recuperator designs did not take thermal expansion 
into account. 'This caused early failure due to excessive stresses 

20 created by the failure to allow for thermal expansion. However, as 
recuperator designs have been improved, the nature of the failure 
appears to have shifted away from thermally induced stresses and 
towards thermal fatigue and high temperature gaseous corrosion. 

Because recuperators operate, at least in part, above 1000'F 

25 (538-C). recuperator alloys are subject to carbide and sigma phase 
precipitation with resulting reductions in ductility and resistance 
to crack propagation. Further, since sigma and carbides contain 
large amounts chromium, their formation will deplete chromium from 
the matrix and thereby accelerate high temperature gaseous corrosion. 

30 Thermal fatigue is the result of repeated plastic deformation 

caused by a series of thermally induced expansions and contractions. 
Uniform metal temperature will, of course, minimize thermal fatigue. 
High thermal conductivity in the metal will minimize, but not 
eliminate, any existing thermal gradient. Resistance to thermal 

35 fatigue can also be enhanced by improving a material's stress rupture 
strength which is an objective of this invention. 
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High temperature gaseous corrosion will depend upon the 
nature of the fluid stream. Where the recuperator is used to preheat 
combustion air. one side of the barrier metal is subject to oxidation 
and the other side is subject to the corrosion of the products of 
5 combustion. Oxidation, carburiration and sulfidation can result from 
the products of combustion. Nickel-iron-chromium base alloys 
containing 30-802 Ni, 1.5-502 Fe, 12-302 Cr, 0-102 Mo, 0-152 Co, 0-52 
Cb+Ta, plus minor amounts of Al, Si, Cu, Ti t Mn and C, are generally 
and adequately resistant to high temperature gaseous corrosion. 

10 Non-limiting examples would be for instance, INC0NEL alloys 601, 617, 
625, INC0L0Y alloy 800. etc. (INCOLOY and INC0NEL are trademarks of 
the Inco family of companies.) Preferably, alloys containing 50-752 
Ni, 1.5-202 Fe, 14-252 Cr, 0-102 Mo, 0-152 Co, 0-52 Cb+Ta plus minor 
amounts of Al, Si, Cu . Ti. Mn and C, combine excellent high temperature 

15 gaseous corrosion resistance with high strength and thermal conductivity 
and low coefficients of expansion, which minimize thermal stresses 
due to temperature gradients. 

For example, the high thermal conductivities of INCONEL 
alloys 617 and 625 are 94 (1.35) and 68 (.98) BTD inch/f t 2 -hr. °F 

20 (watt/m-°K) respectively. The low coefficients of expansion of these 
two alloys are 7.8 x 10~ 6 (4.3 x 10~ 6 ) and 7.7 x 10 (4.2 x 10~ ) 
in/in-°F (mm/mm- °K ) . 

These alloys possess an additional attribute which is a 
subject of this invention. These alloys can be cold worked and 

25 partially annealed to achieve an enhanced stress rupture strength 
which can be utilized without loss of this enhanced strength in 
recuperators operating at 600-1500°F (316-816°C) . This additional 
strength aids resistance to thermal and low cycle fatigue, creep and 
crack propagation* 

30 It ifl apparent that the combination of properties required 

for maintenance - free operation of a recuperator is restrictive. 
The material of construction must be intrinsically corrosion 
resistant, p ssess favorable heat transfer and expansion character- 
istics and have adequate strength and strength retention at the 

35 maximum use temperature. If the strength and strength retention is 
high, the wall thickness of the barrier may be minimized. This will 
enhance transfer of heat thus increasing overall thermal efficiency 
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i^ n Hv«lv if the heat transfer Is 
of the recuperator or, alternatively, i r cn 

.Hoy forms sue, - Pl.«. *«. «- - - - - ~ < in 

p o/ucts heving the optimum ^ - — « ; . 

Conventional cold vorUng of these alloy types result in a produ 
generally too stiff and too low in ductility to be of use in 

""""^t should he deer that . method of manufacturing alloy forms 
possessing both the deslted physical and chemical characteristics for 
use in very demanding environments is necessary. 

SOHMARV OF THE INVENTION 

According, this invention provides a method of menu- 

T .cuo.rator materisl uhich maximizes the strength and 

strength teTape rature corrosion resistance, high 

possesses adequate mgu r -instant 
j .Mvitv and low coefficients of expansion. The instant 
rnl:-:" tersely alter the published physical ehsracter- 
TT I, the alloys. Moreover, concomitant with the enhanced 
« I t a o . ran th retention must he the retention of isotropic 
properties and a high level of ductility. This met o 
factor, can be accomplished using an alloy range of 30-801 Hi. 
I -OX Cr. 0-10Z HO. 0-iSi Co. 0-3* Ch.ls plus minor 

. Al Si Cu. Ti. Hn and C. Preferably, the alloy range 
"^N, i'.^Oa ye. ,«« cr. CO. 0-3, P*us 

* ai r« Ti. Mn and C. An AOD 

minor amounts of Al, Si, Cu, 11. nu 

. . r,r vacuum melt plus electroslag 

(argon-oxygen-decarburizatiorO or vacuum v 

^ w^aUv processed to near final 

furnace remelted heat is conventionally proc 

thicVness. given an intermediate anneal vhich is ahou 50 , 23 
le8 s than the final anneal temperature and for a similar period of 
ti~. end then cold worked 20-801. preferably 30-60Z, and given a 
critical final anneal vhich partially anneals the product hut retains 
an additional 20 to 80* increase in the yield strength over that of 
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the solution annealed material. Additionally, the final anneal must 
retain at least 60% of solution annealed ductility as measured by the 
elongation of the sheet tensile specimen. The sheet product must 
also retain a high degree of isotropy. The final anneal temperature 
and time at peak temperature is dependent on the alloy composition, 
the degree of cold work and the properties being sought. However, 
the final peak anneal temperature is typically 1900-2050°F 
(1038-11 21 °C) for times of 10 to 90 seconds. This final anneal peak 
temperature and time combination results in a fine grain size of ASTM 
number 10 to 8. The final grain sire enhances ductility and isotropy. 
The resulting product can be used to 120O-1500°F (649-816°C) and 
still retain the combination of properties which make it ideal for 
recuperator use. The peak service temperature vould depend on the 
alloy and the degree of cold worked retained. A recuperator made 
with such a product of this invention would have maximum resistance 
to mechanical degradation due to thermal or low cycle fatigue, creep 
or high temperature gaseous corrosion. 

PREFERRED MODE FOR CARRYING OUT THE INVENTION 

A gas turbine engine manufacturer currently uses a recuperator 
to preheat the air of combustion to approximately 900°F (482*C) 
employing the engine exhaust gas as the source of heat. The typical 
exhaust gas temperature entering the recuperator is 1100°F (593°C>. 
It is desirable to increase the temperature of the preheated air 
entering combustion. However, the recuperator is already 
experiencing cracking on the inner wall of the recuperator due to 

high stresses associated with thermal gradients in the recuperator. 

It would be difficult to find a stronger solid solution alloy that 

vould possess the additional required ductility, high temperature 

corrosion resistance and f abricability . 

The current recuperator was fabricated with solid solution 

INCONEL alloy 625 of the approximate composition 581 Ni , SI Mo, 3.5* 

Cb+Ta, 5Z Fe max, 222 Cr plus minor amounts of Al, Si, Ti, Mn and C. 

This alloy is known to cold work as sheet or plate in approximately 

the following manner: 
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Thus, practical amounts of cold working of the conventionally 
annealed alloy which would insure consistent and uniform tensile 
15 properties throughout the product would simultaneously result in a 
product too stiff to work and too low in ductility. 

It was discovered that critical control of the final peak 
temperature of the anneal could allow consistent and uniform tensile 
properties to be achieved which were 20 to 801 higher than the " 
presently used solution annealed product. These properties were 
isotropic and were retained to the peak temperature of the present 
use of the recuperator. Three examples of the use of the method of 
manufacture follow. 



20 



25 



30 



EXAMPLE I 



An AOD melted and electroslag furnace remelted heat of the 
composition 8.51 Mo ; 21.6TCr._3.6I Cb, 3.9ZFe, 0.22 Al, 0.2Z Ti, 
0.2Z Mn, 0.03X C. Bal Ki ^CWEL^glloy 625)>as partially processed 
to 0-014 inches (0.36 mm) of thickness, intermediately annealed at 
1900-F C1038*C) for 26 seconds and cold rolled 132 to 0.008 inches 
(0.2 mm) of thickness. When presented a choice, it is preferred to 
utilize the lowest temperature and the fastest time for the 

intermediate anneal. 

The material was then annealed under the following three 
conditions to define the instant high strength isotropic sheet 
35 annealing procedure. 



-ISOOCID: <EP 0226458A2J_> 



0226458 









7 






PC-12! 






No. 


Temp (°F) 


Time 
Temp. 


at Peak 
(Seconds) 






I 


1950 (1066°C) 




43 








2 


1950 ( \nf%fi°C\ 

IJJv \ 1UUU L« J 




29 




5 




3 


1950 (1066°C) 




26 






No. 


Sample 
Direction 


Room Temp. 
0.2% YS 

.ksi MPa 


TS 

ksi 


MPa 


Prop. 
Elong (X) 


10 


1 


Longitudinal 
Trans ve its e 


72.3 498 
73.5 507 


140.0 
138 0 


965 
951 


45.5 
50.0 




2 


Longitudinal 
Transverse 
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Transverse 


74.6 514 
75.4 520 


141.1 
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44.5 
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The grain size of the above annealed materials vas ASTM 
number 9. All the above annealing conditions yielded satisfactory 
"material for use in the recuperator test program. 

Previously, solution annealed conventional material of 
similar composition destined for current recuperators would be 
finally annealed at 2050°F (1121 °C) for 15 to 30 seconds to yield the 
following properties: 



25 



Sample 
Direction 

longitudinal 
transverse 



0.21 
YS 

ksi KPa 



51.9 
50.7 
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350 



TS 

ksi MPa 

124.0 855 
118.2 815 



Elong.CZ) 

54.0 
57.0 



The resulting stress rupture life at 1200°F (649°C) and 90 
ksi load is only 1.0 hours. 

Contrast this state-of-af fairs with the results achieved by 
30 the instant invention. The 1950°F (1066°C) annealed materials 

discussed above under the same test conditions had a stress rupture 
life of 24.0 hours. Thus under use conditions of a typical 
recuperator operating at 1200°F (694°C), the resistance of the 1950°F 
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(1066'C) annealed material to stress Induced by thecal gradients is 
considerably enhanced. 

EXAMPLE II 

A vacuum induction melted and electroslag furnace remelted 

a ir m« 71 8Z Cr 3. A3! Cb, 3-72 Fe, 0.42 Al, 
heat of the composition 8.3Z Ho, Zl.HS Cr, 

0 i Ti 0.092 Mn. 0.032 C. Bal Hi (INCONEL alloy 625) was partially 
processed to 0.014 inches (0.36 mm) of thickness, intermediate 
annealed at 1900'F for 26 seconds and cold rolled .3% to O.ooS .nc..es 
( 0 2 mm) of thickness. The material was final annealed at 1950 
(1066'C) (peak temperature) for 26 seconds. The room temperature 
tensile properties were as follows: 



30 
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The grain size of the material was ASTM number 9.5. 
Sufficient material was produced to manufacture a recuperator for 
test purposes. The material possessed a <1U> texture oriented 60 
from the plane of the sheet in the direction of rolling. The 
intensity of the texture vas moderate. 



EXAMPLE III 



A vacuum induction melted and electroslag remelted heat of 

o ir Mo 12 42 Co, 22. 2Z Cr, 1.32 Al , 0.22 
the typical composition 9.12 Mo, iz.** 

Tl I 12 Fe. 0.052 Mn, 0.12 C, Bal Ni (INCONEL alloy 617) was 
partially processed to 0.014 inches (0.36 mm) of thickness, 
intermediate annealed at 1900»F (1038*C) for 43 seconds and cold 
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rolled 432 to 0.008 inches (0.2 ma) of thickness. The material was 
then annealed undeT the following three conditions to define a high 
strength isotropic sheet annealing procedure. 
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The grain size of the material processed at 1950°F (1066°C) 
was less than ASTM number 10* The grains were difficult to 

20 distinguish and similar to that of cold worked material. The 1975 °F 
(1080°C) anneal produced material with a distinguishable grain size 
of ASTM number 9.5 but the tensile properties were deemed to be less 
than optimum for recuperator service. The grain size of the material 
processed at 2000°F (1093 °C) was ASTM number 9.5. The texture of the 

25 material was similar to that described in Example 2. 

On the basis of the metallographic examination, the 2000°F 
(1093°C) anneal was chosen to produce sufficient material to produce 
a recuperator for test purposes. Accordingly, an additional sample 
was made. The processing of the material was identical to that 

30 described above. The 2000°F (1093°C) anneal yielded material with 
following room temperature tensile properties: 
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4 ^material was ASTM number 9.5. This composition 
The grain size of the material w* 

a 2150°F (1177°C) anneal. 
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1. A oethod of manufacturing an isotropic alloy form having high 
tesxperature corrosion resistance, high thermal conductivity, low 
coefficient of expansion, a high level of ductility and strength, the 
oethod comprising: 

a) processing an alloy heat to a form of near net shape; 

b) intermediately annealing the form; 

c) cold working the form 20-80X . e.g. 30 to 60%; 

d) finally annealing the form to retain a 2G-80Z increase 
in the yield strength over that of a solution annealed 
material of similar composition and retaining at 
least 60X of the solution annealed ductility. 

2. The method according the claim 1 wherein the final anneal 
causes the form to have an ASTM grain size number ranging from 10 to 
8. 

15 3 * The method according to claixa 1 wherein the final anneal is 

conducted at about 1900-2050°F (1038-1121 °C) for about 10-90 seconds. 

A. The method according to claim 1 wherein the alloy includes 
about 30-801 nickel, about 1.5-20Z iron, about 12-30Z chromium, about 
0-10Z molybdenum, about 0-15Z cobalt, about 0-5Z columbium plus 
20 tantalum, and additional minor constituents, e.g. about 50-75% nickel, 
about .1.5-20% iron, about 14-25% chromium, about 0-10% molybdenum, 
about 0-15% cobalt, about 0-5% columbium plus tantalum, and additional 
minor constituents. 



5, The method according to claim 1 wherein a recuperator is 

25 constructed from the alloy form. 
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ai~* to claim 1 wherein the intermediate 

r::r::: e :: * - ^ _ 

^n E to claim 1 vberein the form is subjected 

-<«lne about 30-802 nickel, about 1 - 5-202 
a A recuperator comprising eoouc o 

* t chro.iun. about 0-102 -olvbdenun. about 0-151 

lBm> aoeut ^ us t „«.l»--d additional .loot 

cobalt, about 0-SI col 6Cructu «, hU „ ccop.racure 

constituent, bavins an lsotrop , Mrft _ „ l„„ coefficient of 

^j.u thermal conductivity, a AOW 

T ::; r::: :\ * * - * by: 

WOT ' 10 :, processing an * beat of rbe above cooposirion to 
form of near net shape; 



15 



20 



^ . , _ on or»T e.g. 30-60%; 

c) cold vorUng tbe fore 20-80* • 

finall, annclins tbe for. ro retain a 20 



b , intemediat.ly annealing the form; 
c) 

d ) imax y solution annealed 

in yield strength over that 01 b 
Serial of einilar co-position as veil as retaining 
" least 602 of tbe solution anne.led duccllftv; and 

e , fabricacins tbe alloy Into a recuperator. 



to claim 8 vberein the final 

10-90 seconds, 

-o dale. 8 wherein tbe recuperator 
10. The recuperator according .o clar 
25 has an AS™ alio, stain sire n»ber ransinS fx- 

, >. Tbe recuperator accordlns to cl.i. 8 Includins about 50-751 
I 1 I 202 iron, about U-252 cbrooiu-. about 0-102 

abi;i - -2 „;.!<. .bout «. — *- 

end additional minor constituents. 
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1 2* The recuperator according to claim S wherein the 
intermediate anneal occurs at a temperature approximately 50°F ( 28 °C) 
less than the final anneal and for approximately the same time, 

13- The recuperator according to claim 8 operating in a 
temperature range of about 6OO-1500°F (316-816°C). 
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